This paper assesses and compares the effectiveness and reliability of different vibration analysis techniques for fault detection and diagnostics in cam mechanisms used in high performance automatic packaging machines. Firstly, the results of the application of widely used techniques are given and their limitations are delineated. Secondly, the application of the wavelet transform is proposed, since the vibrations of this kind of machine are highly non-stationary. Finally, an inverse-filtering technique is used to recover the actual output link motion from the casing vibration, in order to enable condition monitoring and diagnostics to be carried out through the analysis of the mechanism motion.
INTRODUCTION
Techniques for machine condition monitoring and diagnostics are being used widely in almost every field of industry with applications in automation, predictive maintenance and quality control. The most widely employed techniques are based on wear debris analysis and, more often, vibration analysis. A variety of different techniques for processing vibration signals has been proposed and has proved to be effective in condition monitoring and diagnostics of different kinds of machinery [1, 2] . However, commonly used techniques may exhibit low sensitivity to faults in the early stage of development and/or poor diagnostic capability. Problems may arise for different reasons, including the contemporary presence of different vibration sources and noise, the presence of non-stationary dynamic phenomena, the influence of the transfer functions between vibration sources and transducers. Hence, further research is needed, oriented both to the development of advanced signal processing techniques and to the selections of the most effective ones for each kind of monitoring and diagnostic application.
Regarding non-stationary effects in machinery vibrations, it is known that these may be very important, particularly in certain kinds of machinery, such as reciprocating machinery [3] or cam mechanisms [4, 5] , in which different dynamic phenomena occur in different phases of the machine cycle. Moreover, faults often produce dynamic effects only in correspondence with specific instants in the cycle, as occurs for example in gears with faults localised in a few teeth [6] [7] [8] . However, most of the widely used processing techniques, analysing vibrations in the amplitude or frequency domains, are based on the assumption of stationarity and globally characterise signals; thus they are not fully suitable for detecting short-duration dynamic phenomena, whose time localisation and identification are also impossible. Therefore, the application of advanced signal processing techniques is required, including signal modeling techniques, filtering techniques and 
